The reaction of lithiation of 2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole with in position 5 of the thiazole ring and double lithiation with t-butyllithium (t-BuLi) in positions 2 and 5 lithium diisopropylamide (LDA) are investigated. When lithiated and dilithiated thiazoles were treated with different electrophiles, a number of trifunctional 1,3-thiazoles were obtained with high yields.
Introduction
Natural and synthetic derivatives of 1,3-thiazole have diverse biological activity and play a significant role in the processes of life, which stimulates a steady interest in research in the synthesis of new derivatives of this type. 1,3-Thiazole derivatives exhibit the activities of selective enzyme inhibitors, [1] [2] [3] [4] sigma receptors, 5, 6 adenosine receptors 7, 8 antagonists, and new T-type calcium channel blockers. 9 The actual task today is to obtain polyfunctional 1,3-thiazoles, which are suitable for further modification in order to synthesize the libraries of thiazole derivatives for screening and searching for pharmacologically promising compounds. One of the methods of such products synthesis calls for metalation reagents giving with 1,3-thiazoles organometallic derivatives, which are converted into functionalized 1,3-thiazoles when treated by electrophiles.
The object of the present study is metalation of 2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole 1. 10 The following reagents are known to apply for metalation of 2-bromo-1,3-thiazoles: LDA, [11] [12] [13] [14] TMPMgCl·LiCl, 15 TMP2Zn·2MgCl2·2LiCl, [15] [16] [17] [18] TMP2Zn. 19 In all cases, the metalation takes place in position 5 of the 1,3-thiazole ring.
We showed earlier 20 that lithiation of 1,3-thiazole 1 with n-butyllithium occurs at position 2. Under the action of DMF on the formed lithium derivative, 4-(1,3-dioxolan-2-yl)-1,3-thiazole-2-carbaldehyde is formed.
Results and discussion
To introduce the functional groups in position 5 of 2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole 1, we carried out its lithiation with LDA in tetrahydrofuran at -70 ° C. Interaction of the lithiated thiazole with acetaldehyde yields 1-[2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazol-5-yl]ethan-1-ol 2 ( Table 1 , Entry 1), analogously with cyclohexanone, 1-[2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazol-5-yl]cyclohexan-1-ol 3 ( Table 1 , Entry 2) was obtained. For the introduction of an aldehyde group, morpholin-4-carbaldehyde was used, and N-methoxy-N-methylacetamide was used to introduce an acetyl group, which led to 2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole-5-carbaldehyde 4 ( [21] [22] [23] To confirm the structure of compounds (2-6) and to study a possibility of the Halogen Dance Reaction, we performed lithiation of 1,3-thiazole 1 in the above conditions using water as the electrophile. As a result, we obtained the starting compound 1 with a quantitative yield. This result is indicative of the absence of the halogen dance under lithiation of 2-bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole 1 with LDA. Table 2 , Entry 1), as well in the reaction with cyclohexanone, 1,1'- Table 2 , Entry 2) was obtained. According to spectral data, alcohols 7 and 8 exist as diastereomer mixtures in the ratio 1: 1 (product 7) and 7: 3 (product 8). For the introduction of two aldehyde groups, morpholin-4-carbaldehyde was used, and N-methoxy-N-methylacetamide was used to introduce two acetyl groups, which led to dicarbonyl derivatives of thiazole: 4-(1,3-dioxolan-2-yl)-1,3-thiazole-2,5-dicarbaldehyde 9 ( Table 2 -4-(1,3-dioxolan-2-yl)-1,3-thiazol-5-yl]ethan-1-ol (2) . A solution of acetaldehyde (1.87 g, 42.5 mmol) in anhydrous THF (5 mL) was added dropwise to a mixture (A) at -70°C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. After addition of water (30 mL) dropwise, the mixture was stirred during 2 h at 20-25°C. The organic layer was separated, the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (10:l CH2Cl2/EtOAc) gave 2 (4.37g, 92%) as a yellow oil. -4-(1,3-dioxolan-2-yl)-1,3-thiazol-5-yl]cyclohexan-1-ol (3) . A solution of cyclohexanone (2.83 g, 28.8 mmol) in anhydrous THF (5 mL) was added dropwise to a mixture (A) at -70°C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. After addition of water (30 mL) dropwise, the mixture was stirred during 2 h at 20-25°C. The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (CH2Cl2) gave 3 (4.93g, 87%) as a white crystals, mp 111-113 0 C. 
1-[2-Bromo

2-Bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazole-5-carbaldehyde (4).
A solution of morpholine-4-carbaldehyde (2.93 g, 25.4 mmol) in anhydrous THF (5 mL) was added dropwise to a mixture (A) at -70°C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. . After addition of acetic acid (6 mL) in water (30 mL) dropwise, the mixture was stirred during 2 h at 20-25°C. The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (CH2Cl2) gave 4 (3.8g, 85%) as a yellow crystals, mp 110-112 о С. 
IR (KBr
1-[2-Bromo-4-(1,3-dioxolan-2-yl)-1,3-thiazol-5-yl]ethan-1-one (5).
A solution of N-methoxy-Nmethylacetamide (2.97 g, 28.8 mmol) in anhydrous THF (5 mL) was added dropwise to a mixture (A) at -70°C over 10 min and stirred at room temperature overnight. The reaction mixture was poured into aqueous saturated NH4Cl solution (100 mL), and stirred for 2 h.The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (CH2Cl2) gave 5 (3.91g, 83%) as a white crystals, mp 88-89 -4-(1,3-dioxolan-2-yl)-1,3-thiazole-5-carboxylic acid (6) . The mixture (A) was treated with excess of gaseous CO2 and stirred at -60 о С for 1 h, the reaction mixture was allowed to warm to 0 о С. Next, hydrochloric acid (5 mL) in water (30 mL) was added dropwise. The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure. A solution of t-BuLi (1.7 M solution in pentane, 54.4 mmol) under Ar was added dropwise to a solution of of 2-bromo-4- (1,3-dioxolan-2-yl)-1,3-thiazole 1 (4.0 g, 16. 9 mmol) in anhydrous THF (100 mL) at -80°C over 10 min. The mixture was stirred during 30 min at -80°C.
2-Bromo
1,1'-[4-(1,3-Dioxolan-2-yl)-1,3-thiazole-2,5-diyl]di(ethan-1-ol) (7).
A solution of acetaldehyde (2.99 g, 67.9 mmol) in anhydrous THF (5 mL) was added dropwise to a mixture (B) at -80 °C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. After addition of water (30 mL) dropwise, the mixture was stirred during 2 h at 20-25°C. The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (EtOAc) gave 7 (3.87g, 93%) as a yellow oil.
IR (KBr, cm A solution of cyclohexanone (6.15 g, 62.7 mmol) in anhydrous THF (10 mL) was added dropwise to a mixture (B) at -80°C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. After addition of water (30 mL) dropwise, the mixture was stirred during 2 h at 20-25°C.The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (4:l CH2Cl2/EtOAc) gave 8 (5. 1,3-Dioxolan-2-yl)-1,3-thiazole-2,5-dicarbaldehyde (9) . A solution of morpholine-4-carbaldehyde (6.83 g, 59.3 mmol) in anhydrous THF (10 mL) was added dropwise to a mixture (B) at -80°C over 10 min. The reaction mixture temperature was adjusted to -20°C in 0.5 h. After addition of acetic acid (9 mL) in water (50 mL) dropwise, the mixture was stirred during 2 h at 20-25°C. The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (4:l CH2Cl2/EtOAc) gave 9 (3.03 g, 84%) as a yellow crystals, mp 69-70 2H, m, OCH2CH2O), 6.24 (1H, s, OСНO), 9.96 (1Н, s, CHO), 10.42 (1Н, s, CHO 1'-[4-(1,3-Dioxolan-2-yl)-1,3-thiazole-2,5-diyl]di(ethan-1-one) 
4-(
10.
A solution of N-methoxy-N-methylacetamide (6.46 g, 62.6 mmol) in anhydrous THF (10 mL) was added dropwise to a mixture (B) at -80°C over 10 min and stirred at room temperature overnight. The reaction mixture was poured into aqueous saturated NH4Cl solution (100 mL), and stirred for 2 h.The organic layer was separated; the aqueous layer was extracted with ethyl acetate, and combined organic extracts were dried over sodium sulfate. The solvent was removed under reduced pressure, and the residue was purified by chromatography (CH2Cl2) gave 10 (3.45g, 84%) as a white crystals, mp 67-68 
